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The poll ination biology of Crassula fascicu/aris Lam. (Crassulaceae) was studied at Bain's Kloof, South 
Africa. No diurnal visitors to the flowers were observed, but geometrid moths carrying C. fascicu/aris pollen 
on their proboscides were caught in a light trap between 20:30 and 04:00. Nectar is secreted in the afternoon 
and evening, reaching a maximum volume when the moths are active. Scent production almost ceases at 
midday and then gradually reaches peak intensity around midnight. The floral features of C. fascicu/aris are 
compared with those of the related species Crassula coccinea L. which is pollinated by butterflies. 
Die bestuiwingsbiologie van Crassu/a fascicularis Lam. (Crassulaceae) is bestudeer in Bain's Kloof, Suid-
Af rika. Geen blombestuiwing is deur die dag waargeneem nie, maar motte met C. fascicu/aris stuifmeel op 
hul suigslurpe is in 'n ligval gevang tussen 20:30 en 04:00. Nektar word gedurende die middag en aand 
gesekreteer, en bereik 'n maksimum volume wanneer die motte aktief is. Reukproduksie is minimaal in die 
middag en maksimaal teen middernag. Die blomkenmerke van C. fascicu/aris word vergelyk met die van 
Crassula coccinea L., 'n verwante spesies wat deur skoenlappers bestuif word. 
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• To whom correspondence should be addressed. 
Introduction 
Moth pollination is a poorly studied phenomenon, par-
ticularly in South Africa where, to our knowledge, only two 
observations have been published (Vogel 1954, p.l23; Stir-
ton 1976). This probably reflects the difficulty in observing 
moth pollination, rather than the rarity of the phenomenon. 
A large number of species in the South African flora have 
pale, evening-scented flowers consistent with the moth 
'poll ination syndrome' (Facgri & van der Pijl 1979). How-
ever, pollination syndromes arc only circumst.amial evidence 
for plant pollinators and remain hypotheses until tested by 
field observation. 
Crassula species typically have small unspccialized 
tlowers which arc presumably pollinated by small bees and 
flies. The flowers of the three species in Crassula sect. 
Kalosanthes (Haw.) Toelken are an exception, as they have 
long corolla tubes implying more specialized pollination 
relationships. One of these species, Crassula coccinea L., 
has scentless, red nowers which arc pollinated exclusively 
by the butlerfly Meneris tulbaghia L. (Marloth 1915; 
Johnson & Bond 1993). The two other species in tl1e section 
- Crassulafascicularis Lam. and Crassula obtusa Haw.-
have pale flowers. The aim of this study was to discover the 
pollinators of C. fascicu/aris and to establish whether nectar 
and scent production in the !lowers is synchronized with 
poll inator activity. 
Methods 
The study plant, Crassula fascicularis, is a small succulent 
shrublel which occurs in fynbos vegetation between Van-
rhynsdorp and Bredasdorp in the western Cape Province. 
The inflorescence of C. fascicularis is a cymose capitulum 
(Figure 1). The 11owers are white or pale cream and produce 
a strong jasmine-like scent. Flowering takes place between Figure 1 Inflorescence of Crassula fascicularis. Scale 00r. 20 mm. 
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September and November (Tolken 1977). 
A large population of C. fascicularis on the summit of the 
Bain's Kloof Pass (33o:38'S, l9°07'E), Cape Province, was 
studied on 26 and 27 September 1992. Observations were 
made throughout the daylight hours. Samples of nocturnal 
insects were caught using a Pennsylvania light trap (South-
wood 1966) equipped with an 8-W 'black' U.V.-emitting 
fluorescent tube {Phillips F8T5BLB). The killing agent was 
ethyl acetate. The trap was set up at 17:00 and inspected 
four Limes during the almost windless nig ht of 26 Septem-
ber. The proboscides of captured moths were measured and 
then mounted in fuschin gel (Beattie 1971) and examined 
for pollen. Reference slides were made of the pollen of C. 
fascicularis as well as other plants in the area to assist with 
identification of pollen on the insects. 
Nectar volume, nectar concentration and scent production 
were monitored approximately every three hours over a 24-h 
period. Ten or more fresh flowers were collected at each 
sampling interval. Nectar was extracted with 5-, . d graduated 
micropipettes. Nectar concentration was determined with a 
pocket refractometer. Samples of nectar were spotted onto 
filter paper and the ratios of the constituent sugars de-
termined by HPLC. Scent intensity was estimated by deter-
mining the average maximum distance that the scent of four 
flowers could be detected from the nose tips of four blind-
folded volunteers . 
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Results 
No flower visitors were observed on C. fascicularis during 
daylight hours. Light trapping at night yielded 108 moths of 
which 8 individuals of Axiodes figurata (Gcometridae) and 
10 individuals of Axiodes sp.1 (Geometridae) carried large 
amounts of C. fascicularis pollen on their proboscides 
(Table 1). These moths had proboscides long enough to 
reach the nectar of C. fascicularis. The corolla tube of C. 
fascicularis measured 16.3 mm (S.D. = 0.95, n = 13); the 
average proboscis length of Axiodes sp.l was 16.9 mm 
(S.D. = 0.6, n = 3) and that of Axiodes figurata 16.6 mm 
(S.D.= 0.6, n = 3). 
A noctuid moth species in the sample carried large 
amounts of pollen belonging to two unidentified plant spe-
cies. The proboscis of this noctuid moth was too short (i = 
10.0 mm, S.D. = 0.5, n = 4) to reach the nectar of C. fasci-
cularis. 
Nectar volume and scent intensity was greatest j ust before 
midnight in C. fascicularis (Figure 2). Nectar was most 
concentrated in the afternoon, but rapidly became more 
dilute towards evening. The relative amounts of the various 
sugars in the nectar of C. fascicularis were as follows: 
fructose (47%), glucose (46%) and sucrose (7%). Thus, the 
nectar is dominated by monosaccharide sugars. 
Table 1 The periodicily of moth-catches in a light trap operated near a flowering population of 
C. fascicu/aris. Pollen loads on different species are also indicated 
Number of moths collected 
19:00--20:30 20:30-24:00 00:00-04 :00 04 :OO-D6:00 Pollen of Crassulafasctculans 
Axiodes fig urala 0 2 14 0 >200 grains on 60% of individuals 
Axiodes sp. 1 • 0 1 7 0 >200 grains on 100% of individuals 
Other moths (7 spp.) 17 28 39 0 <1 0 grains on 1% of individuals 
Total 17 31 60 0 
' This species is in the Transvaal Museum collection, but has not yet been formally named. 
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Figure 2 The daily periodicity in nectar volume (f.l-1), nectar concentration (% sugar by weight) and scent production (distance of detec-
tion) in the flowers of C. fascicularis. Errors bars represent :t:S.E. 
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Discussion 
Morphology and pollination mechanism 
Based on the results of this study as well as on observations 
of butterflies feeding on C. coccinea (Johnson & Bond 
1993), it appears that the long-tubed flowers of Crassu/a 
sect. Kalosanlhes are adapted for pollination by Iepidoptera. 
The inflorescences consist of tight clusters of flowers with 
petal lobes recurved at right angles, thus forming a flat 
settling platform for Iepidoptera. The anthers are contained 
within the narrow corolla tubes, with the result that pollen is 
smeared onto the proboscides of Iepidoptera as they feed 
from the flowers. The efficiency of this mechanism was 
evident in the large number of pollen grains (>200) carried 
on the proboscides of the Axiodes moths. 
Attractants and rewards 
Scent appears to be the primary attractant in C. fascicu/aris, 
as the geomelrid moths visit the flowers after dusk. 
Gcomelrid moths are known to orientate towards an odour 
source (Brantjes 1978). The timing of scent production in C. 
fascicularis is clearly adapted to moths, peaking in intensity 
at night and almost ceasing during the day. 
The timing of nectar secre tion is also consistent with the 
moth pollination syndrome. Nectar is secreted during the 
afternoon and early evening and reaches a maximum 
volume around midnight (Figure 2) . The Ax.iodes moths 
carrying C. fasc icularis pollen were caught between 20:30 
and 04:00 (Table 1), which corresponds with the period of 
maximum nectar volume and scent intensi ty in the flowers. 
The sugar concentration of nectar in the evening is between 
20 and 25% sugar by weight, shown to be the energetically 
optimal range of concentrations for Iepidoptera (Kingsolver 
& Daniel 1979). 
Pollinator divergence in Crassula 
It is interesting to compare the features of C. fascicularis 
with the rela ted species C. coccinea which is butterfly-
pollinated (Johnson & Bond 1993). The floral morphology 
is almost identical in the two species, and in each case 
pollen is placed on the proboscis of the pollinator . However, 
butterflies are a ttracted to C. coccinea by the red colour of 
the flowers, whereas scent appears to be the main attractant 
in C. f ascicularis. It is possible that the pale flowers of C. 
jascicularis may also help guide moths to the flowers on 
moonlit nights. The volume and concentra tion of nectar in 
C. coccinea fluctuates little throughout the day (S. Johnson, 
unpublished data), whereas marked changes occur in the 
nectar of C. jascicularis. The nectar sugar proportions of 
both species arc very similar [monosaccharides are domi-
nant; see paper by Johnson and Bond (1993) for C. coc-
cinea]. This implies that moths and butterflies have similar 
sugar preferences or, alternati vely, that they do not discrimi-
nate between sugars, resulting in no selection on this trait. 
Hybrids are easily made between C. coccinea and C. 
jascicularis in cultivation (J. Rourke, pers. commun.), sug-
gesting that the species may be closely related. The rarity of 
natu ral hybrids between these two species is partly a conse-
quence of differences in flowering time. However, a t sites 
where they flower simultaneously, such as Table Mountain, 
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the rarity of hybrids probably reflects the exclusiveness of 
their pollen vectors, which results in little interspecific 
pollen flow and thus helps maintain species integrity. 
Concluding notes 
This is the first field study of moth pollination in the Cape 
flora and it is therefore not yet possible to estimate the 
ecological importance of moths as pollinators in the region. 
Collectors have noted that moths decrease in abundance 
south of the tropics (Pinhey 1978). In addition, fynbos 
vegetation is characterized by nitrogen-poor leaves, which 
would discourage feeding by lepidopteran larvae (Johnson 
1992). For these reasons, moth biomass in the fynbos region 
should be low. Yet, paradoxically, the moth-pollination 
syndrome (pale, tubular, evening-scented flowers) is well 
represented in the Cape flora, particularly in the families 
Orchidaceae, Iridaceae, Selaginaceae and Thymelaeaceae. 
More information about the abundance, life histories and 
flower visiting habits of fynbos moths is needed to explain 
this paradox. 
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